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Abstract of JP2000021789 

PROBLEM TO BE SOLVED: To reduce the 
crystal defect density of dislocations, laminate 
defects, defective tubular holes, etc., by 
forming a desired element structure on a 
nitride compd. semiconductor layer involving a 
first region having vertically extending through- 
dislocations and second region released from 
the dislocation, other than the center part. 
SOLUTION: On a sapphire substrate 20, an 
Si02 mask 21 having openings 21a of 2 &mu 
m in diameter at spacings of 10 &mu m is 
formed, the sapphire substrate 20 with the 
mask 21 is introduced in a region chamber of 
an MCVD apparatus, then thermally cleaning 
is made to remove moisture and natural oxide 
film, a GaN buffer layer 22 is formed on the 
sapphire substrate 20 with the mask 21 , and 
the substrate temp, is raised after growing the 
buffer layer 22 to form a GaN layer 23. From 
the sectional TEM observation, the through- 
dislocations 25 locate only approximately at a 
central part of the Si02 mask 21 and the 
crystal defect little exists at other parts. 
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[00703 fcWC, -9--tr7*^fflg^ 5 0 0'C£±# 
U ft«aricftGaNAv7rl3 2*34«aiS*"f4. 

1 1 o oicfcHiau 1 1 o o°c 



izMMUzm* 'J 7#* 2 0. 5 L/ 

4h 77^-7£9. 5L/^ TMG^lOOcc/ 
4WftMT*ti*ti 1 B#P a ^-TI) . J: 0 . Jf $ 
2/im^7^K-7 , GaNTffl!l3 3SrJBfiR-f6. 

3 1 fcJB(£U:»3 1 ajWIfciiifu 

*<o»ts i o 2 ±x'7T7>u&m { imzti. mi 
tz^com-h^w i . i vm7)fRMkMi¥m&7 y k 

-7G a N TfliUl 3 3 ft 4 . 

[00 7 1 3 <fcWC\ S i H 4 £1 OccflQ*.. 
UnlGaN3y^^M35 (JI$4. Owm) £ 
fMLfc. m^X. TMA£6 0cc/tt<7)%mXHal 
IZb^Zii'O. nlA lGaN«affiE7JI3 6 (JfS 
0. 2 5jum) ZBtfttZ. §4>fc^±fc. 77K- 
7GaNTtB!l3 4i:ll«m^frt\ GaNM'f 

[007 2 3 **>8L aHSiaSS: 7 4 0°C4 -CftiB L . 

^f-v u 7#t. hmm ( a* 2 o . 5 l/# ) k 

£tf>i:§. 77^7<7)S*(i9. 5 L/ 
4h TMG(^e«i9 c c/tf-Jgt U TM I <Ofl»& 
i*«140cc/^ 3Occ/^fc3cSWJ)0#^l. 
■Ti:KJ;D. InGaNMfi|38«U>:. 1^) 
I nGaN^vS14l3 8{i. 3^c7)In 0 . 2 Ga 0 . 8 N 
(K2nm) I n U5 Ga,. 95 N (JI$4 n 

m) itMJi*^B!ti,^s» : ?#F (mqw) mm^t 

[00733 I n G a N«4! 3 8 S:ma. 

jfcfcisif 1 1 o o°ct#?at-4„ 1 o o°c 

fcaUfeft. ^A-U7^X^Sy ; SS*^7KS (S*2 
0. 5L/4H A4J<3#i.. GaN3fe^K139, p 
SA1 GaN«8SffiE7JB4 0 (ffSO. 25^m), p 
MGaN3^M4 1 (WSO. 3^m) S\ 
JfCJgJS-tS. PlA 1 GaN«agEAiB4 Oj&Mft?) 
pIK-/^MflCp, Mg(0«ttili. 2 00cc 
fcL, pMGaN3y*7hJ§4 ltf)|££l$«0Cp 2 M 
8<0fl»&*(i50cci:Lfe. pIGaN3y^i?M 

4 i<7)mm. Gm&mmmmt&zwikL, m** 

07#Z (SEJI2 0. 5L/#) . Mt7y*=-7 (SS 

*9. 5L/#) ^Hi«tt«mftU. 
»lSLfc. fit, 7y^70{*&(2. a^ia^^'3 

5 0'C^aL^^jhU^ 

[00743 Oh^ftT«$il^S^^^f4il/ 

tC^>, fiErtTTffl^^ii^f^iiTV^. 4fc, Br 
ffiSiiB^»^ (TEM) ®R*fifofefc«l^. MQ 
W«BtS:*-t4 I nGaNjRiSteJiaUfcHi, 1\ts:b'<m 

•thM Qvrffimtffttfiztix ^z>zt mmx-% tz . 4 
[00753 uul^s** . mmtzx * \s-*?mm 
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h (ft) <OT^Kte»®!£{i# J #£LTV^. Mzft 

i^mmmm^Mi. ±ftnfflm&zmkxz , ate 

[00 7 6] 4fe, ±ie^S^it^-gPSr. nlGaN 

U *4>±»fcT i /A 1 nd«®4 2 fcjgjft 

N^y?? M4 l±fctt1SSERse&0;/I:tf>S i 0 2 14 
3^MiRmzmmU ^Si0 2 !4 3WplGa 
N3^;M4 l±fcpffl«ffi4 4£J&ftLfc. 
[ 0 0 7 7 ] Ji*««S*#*4¥**IM«* 
ffML/t^x^Sr. 350umx5 00jum<7)±Z$t,Z 

b , mm 1 7 n mx-mummmti z t tmtzti 
tz . n?<mmmt 4 . 5 v . l s v MmsflBftii 

1 . 5 kA/cm 2 X'h-oti. 

[0078] flg*SrCffcS LfcGa N#¥S«fcU~F 

g ) tfm&m*PRVnMn$L&XM*-3 y?? hmwz 
[0079] ztL^ML^mmmcit. jjepwa** 

IHfcU ttfi*ir<Ol»l±tcJtO. »»*«»teatfj9S>l' 
t&mTO&'gi *) #8 0 %fcLtt& 0 . 

ioo-ioo omizm/. (m#tf*t® 

[ 0 0 8 0 ] ^EMWnTttU-irfcio^TlftB 

fciiiwcjt*. fcSfcrtLhU fSBltt* 

[0081] (g3«l) ^3«»Stli 
^2^SS^^|S]^c7)^*l/-^ N Hf7r-f7± 



CGaN ( 2/zm) . XliGaA 1 N (0. 3/zm) / 
GaN(2iim) SjS*Ufc»RJbC»JS^i. 
[0082] i-f . -LIEtf>S8Ltfc 1 O^m^S i O 

1 GaNXtiGaA 1 NJf<7)a$S < 1 1 -2 

o> tmmirfo<i-ioo> (c, 2//miaH-cxh5 

47mffMtl>. owe. UK-?*?£»flfcW:fflK 
±tMOCVDj£fci0s 5~5 0^m^GaNl&fiic 
6. J&gttflJtS i 0 2 ?X^it7f7^«Ii 5 

{£3t§n. fcgmnmtokmzimmmtf 
ttz. mmmmm^F mm (temji^ 

[0083] ZcoXd fcTffltbWBWSii, sa^fi^ 

*«tl«I±L. M!2^)HdBB«-C*LfcU-lfi:R* 
[0084]^^. ♦WBBIBTttl'— f fcovvCBMJi 

[0085] m4<?mfflm men, *^bjcoh4 
*i-wmmx'$>&. 

[0086] xmem&pmis-- rofttfVjmt: , 

OTWBWW*. ■9-7r-frfflR5-0±(c. Si 

0 2 fcTi0 2 *»4>iS4^JlK*IS3tSffc:J:0SUlLT^ 
^tUcVX^ 5 1 &Bffi-&. -7X9 5 1 tzlt. 
tlX^Z^ff, ®I0. 5Atm^Pge*<5 0x/m^li 

[0087] wt^u— m^mmmmmmoc 

VDJfetJ:*)fMELfc. 7x;5 1«U;t7T^ 
736K5 0±tC, GaNA' 7 7rl A^2^ 
HjS^ilS. -?-W±gPtS i £ H-rLfcnlGaN 
3y^^hJf53 (W$2jum) SrJS^"f6. ^OB#. 

/US**- HfcSWf L . ¥fitt<0ft v ^JBfiJtS^S . 
KOT. ^^±atS i^K-rLfcHSO. 25/zm 
^>nIGa u Al u N«aa<W15 4 
[ 0 0 8 8 3 fclrVC. ff$0. 1/im^In,,.! Ga 

fcJI$0. 2 5Atmc7)pSGa 0 . 8 A 1 „. 2 N1E8taEA 
S5 6. nlGa,, 8 A 1 0 2 N^H^l 5 7 S:J1»: 
J&K-ri.. Cl^. -fi«>xV\«rMOCVDJIit3&»4>E 
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[00893 ixv^ vx^znvMocvDmmzm 

AU m^i$^®5 7cD±£Mg£F-7°U:pSGa 
N3y?? M 5 85rJ&ft-f4. piGaN3^?f 
1 5 8j£I^L ^xA$rMOCVDgl^A>aX0ai-r. 
££>t. pSGaN3>?? hl5 8<7)(3(J'^®tCS i 
0 2 £Ti0 2 #^)£4#W£i^tJ:9«/fir4. 

owe, 7th'j j: o $>mmm%<o 
mmzMxi. mi<r)mm5 9*ftm-h. -u. v 

7T4TW6L5Q±lzBf&Ztit:SiO z iTi0 2 rt> 

5 1£\ m2cr>mmk%&. 
[0090] &±<7)£ a iztttiiztifcu— mmm^ 

— SP^r . Vy4^>yi-y?'mz£mi;i-&. £*>t, 
nSGaN=jy??hil5 3£Iitt£-t>:T. ni|«®6 
OSrffM-TI.. piGaN3^?M58±fc 

nv-vmi-i.zftmth. 

[009 1 ] W±*)ti d tffr£L£¥$ttP--f £ t- 
l # V ^fiWaWi 9 5mA, ftf^KEIi 4 . 6Vt*o 

fc. 

[0092] *£ffl0g!Bt «k SMf63^^ftl/-1ff 
U, Si0 2 fcT i 0 2 fr£>j£4£Jf 5 1 

LTfli^i <! t t «k 0 . 

WSHz 5f 5;H«**HEa$*i, & H B B B n n «£ Ail t|6]± 
5*4. *%ttigS£J: D#4>*ifcl"~ fmmk*<n 

m&xmmmi. vt*m?) i o i jartis^u 

[ 0 0 9 3 3 ifc, flaaSTtt^xyNiBrttJS*!, W 
tzmffi&XMk LTffiV^GaA 1 NJffcti^TRW* 

*awtjb o . m^u--vxim%mtf±mz{m 

Mztti^m&mmx'ii. mmmt^^m^y 
T7frs&£mm-ttzkt,z£*)± : mm£imL. m 

Hi: ltjbv^ot, mtmnm^imft&mbti. z 

[0094] (JB50Htt»JB) 07*4, *»!B<0»5 

mmx'hh. 

[0 0 9 51 nSi/U3yas«6 0fc:JI$100 
nmOaSHtS i 0 2 JS6 1 JKagMbPrtTJ^jS-f 

a. &wt\ ztiizisisxhzmtnL. miso-mmi 

lz±&;??--y7x\ Z 



6 1 3L*mm-&. ztiizjL>o, isvziymmozn 

DSHfltAfu s i 0 2 §16 1 tflS&LfrvU: o t, 

moo o°c-ci o#i§w-7/i^ y --y^fctr 

3. 

[00963 ft^T. W£2. O^mOnSGaNny 
hS6 3trJR*U S i 0 2 Jg6 1 tttAjLC^M 
JtSrf£6. :^)niGaN3y^?M63liSi0 2 
§16 l±TJ±7T7/Pj«^-r4^ft, Il^y'Jnyt 
*->Tfc, &{iO^&l^,go§tt&4. <fcwc, H 
$0. 2 5/zm<9nSAlGaN«8i[aEAJl6 4, JS5 

0. ljumOI n 0 . 25 Ga o . 75 NvSttil6 5. /ISO. 
2 5/xm«plA 1 GaN^^SA® 6 6. J?$ 0 . 3 
/xmOpSG a N 3 y * ? M 6 7 * ;<7)JfT1&&-f 
6. 

[0 0 97] MOCVD^Jftft^TOOajL^a. yyn 
y«« 6 0 OSffifc n 6 8 ZmMX78tfL?Z . 4 
fc, plGaNny^^ M6 7^II^I3KT'V\7 
--y/U U7b:t7£t«I:9pi!««6 9£iyt 

£^3. 

[00983 fcUiO:fr&Tffo£L£3B£?W *- Ftil 

[00 993 (ff6<0HNm) 138(4, **B)io|g6 
0»SC»JW/7 v T'JxHffl (DBR)I/- 

[0 1 003 i-f. 7r-f r»«80±tMOCVD 

try K-rGaNTttUiS 3 SlS^-f 4. ai^T. n 
SGaN3WM84, nlA 1 GaN^liAl 
85, nffllGaN^M H18 6, ^a»^#F (MQ 
W) imtftti I nGaN^vS14!87. pfflUGaN 
^MKS8 8, pIA 1 GaNmsfi?xA«8 9, pM 
GaNay??hm9 0ZZV>M.X'tfL%L. U-1ft^ 

[01013 iJE^««Jt«u— !rtttfflL=SrVHWI 
Sr, nSGaN3y^^h«84tCjtt 44t'h'7'fx 

7y$rft^^i:LrJI$5 0nm(7)S i0 2 JR9 1 £ 
0nmfaPi<^Xh7'f7°^t^ ^1s5 0nmc7)yt^-y 
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tLT. y-yitTy^-^MZXSiOi «9lSrx.y 
f-y/L. Htt<?>;r?§ mam 91aSvrf4Si0 2 
■7X^9 l£^jfct4. :«!9 1atGa 

N3y*?MI84jWftiii$*l4. 
[0 10 2] £<Af£. flPl^glSfcSt/MOCVDg 
irtl^L. yyK-7V>GaNl9 2£l 00nm« 
£tf>GaNJB9 2Ufira>-7.X?T 

^»«0#gT&u3B#£ s St/ x-y f-y^T» 
*-f4. nIGaN184i: niA 1 GaNJI8 5tf)# 
ffi^gBM$£x vf-y^L, Z Offttt n {PMffi 9 3 
£, pgGaN«9 0<0±tpl!«1I94fc**l<e*l# 

[ 0 1 0 3 3 £ -5 LTtf«Lfc*N*frb-irfc*S£aEA 
L£ <!: -1 4 . 420n m<Z)&£t4lft(fc t 1^— 9*366* 
«BT GaN#S»&9 2<7)ffl!lHt3ii. 4 2 0 nm 

jswufl sio 2 cox h 5 r-?x 9 9 1 tz 

#»S&l*JtAo/S4 2 0 nmW^&*£^£ft 
U^HTtDiEl/0*<3"&fcje B l/0*<. -I*)*: 

7T7 /Hfcftfcflffi LT#-p ft G a N T$> 4 <7)X\ Kffi 
££<9^#^£uEi&fltf)Bt$r-jT us . 
[0 1 04 3 U-lfJ^flBteJ&R^iflrt. 4 
2 0 nmJf«Bc7)S i 0 2 X h T£ffMLT 
R«W*ft"CS5tt»WTfc:^»B4 2 0 n mOHJlffg? £ 
J^MfiMHBS ( D F B ) U~ f ZfttfL? 4 Z\bh*Iffi 
X'hh. 

1 0 l 0 5 3 J3UL JJB» 1 Jb2»5<o|Qt»JB'e{i, 

T. its i 0 2 i 0 2 £fflvtf:*£tovvcfta)j 
L£#\ S i 0 2 , T i 0 2 <7)fi!lt. g^fe^^ft^ 
*f*tf>j£*iairc*4 1 0 0 0X:J2Lh<0iBJKT«Att* 
WlT4 (RiSLSrU) tffiT**UJ\ 
il, Wit L"C I n 2 0 3 , TiN, A 1 N, SiN, , 

wn, wtfmft>tih. ttz, i o o o'cuitcomiSiX' 
mm^xi**^. 

[0 1 063 &mttW0>Mt!X^&\ivffltevxftf 
®t LTfflv^SifctJ: 0. ^ B B a p D B «^l^±tck-S^ 

6. ^€^&A^ttff£#gi^4¥gflc?g^i§£- 

mwA*7Tyjummimzit&titt><7)'?x? t ix 

fflu4 £ i: t«k 0 . iiffltt^^Stiiiif 4 . 

[01 073 2*:. mBm&rtMi$mi'?z? t ix 
jflw^ms. Guar, ©g$*i4**'j7# 

^v^i *qBJHT* 4 J; 3 ? Aft 

i: LT*eaHt<0»v^t^)S:fflv^4«ri;tJ: 1 9. ttSt 



[0 1 083 J3Jtf>J: o t, at^WStfcJgfrLfcv* 
?*ffltf>»Rt i 0 . SiM*tt^ift|±t«J: OSfrPGrtttf 

i o i o 9 ] ±mmmxnmmmt tx. 

Si WBteWlzmftitf* £Ofl&tS i C 
^MgA 1 2 O, ^)SS*^4£kt"C#4. 
[011035 *>t. 4^&fl3li^£*HHIft£ 

4 . tttVPr' "W ^ t H UT (4 . Kffiffl&rm&X 
ffi^j£offiMtJ;4^ B B a ttOi6]±tJ;0. *+'J7«>» 

[01113 (»7<0HJBgJB) 1219. HI Ottt&Rj] 
*>3S 7 ^jegJBtffi*>4g^*»iNi«cP— f SrSMB 
■f4*tf>O0T\ B^ttSFHffiiffilifH* HlOJivx 

[o 1 1 23 H9tfccvc, i o u**r?T4 rmu. 

10 2l£-?X7tlXCDSiO z M (0. 3/im) , 1 

0 3(i7yH-rGaNii (3A«m) s 104tin-G 
aN3^^M (S i H-7°, 5xl0 18 cm-3, 3 
/*m) . 1 05lin-A 1 o. osG a 0 . 92 7 -y h'Jf 
(Si K-r, 1 X 1 0 18 cm-3, 0. 8jum) . 10 
6ttn-GaN»8MS (Si H-r. 0. 1 um) , 1 
O7(in-Al 0 . 2 Ga 0 . 8 N^f^r U7^-A'-7n- 
ffiihfli ( S i K-r. lX10 18 cm-3, 20nm) , 

1 0 8tt?SttJfrc*4 . ^Stt® 1 0 8(i. InGaNi 
^#F(7yK-7°, In u Ga 0 . 8 N , 3nm)# 

51i:-eilS-^tf I nGaNHSf \t>Y-7, In 
oj 5 Ga M5 N, 6nm) *K>&4*7#F*i§it (SC 
H-MQW) t>5:-pTU|, 0 

[01133$4>t. 1O9(4p-A1 0 . 2 Ga 0 . 8 N 
^■ j r l Jr^--A'-7n-|ie±ii (MgH-r, lxio 
'8cm-3, 20nm) , 1 1 OJip-GaNg&JI (M 
gh'-r, 0. ljum), 1 1 Kip-A 1 o.osGa 
o. ozN^5-y YM (MgH-7, lxi0 18 cm-3, 
0. 8jum). 112lip-GaN3y^?M(Mg 
H— r, lxi0 18 cm-3, 0. Sum) . 1 1 3J4P 
t (10nm)/Ti (20nm)/Pt (30nm) 
/Au ( 1 jum) flfitOpfflreft. 114(4A1/Ti 
/Au^jt£0nfflJSIi. 1 1 5 (4S i 0 2 jfiSBTC* 
4. #tH^LTU^rU*\ U— T3tHiltSgiB 

(IffiBtTff ) t(4T i0 2 /Si 0 2 €-^Sta«L 

[oii43 m9X'^m$m<Dmmijmz. OT^iio 

X'hh. t7r^7ifil 0 l±t. HI 0 
( a ) t^-f «t 0 1. CVDg« L/t SiOjfl 

oiiz-xftmzmuttzixizmm-h. :osio 

2 -7X^^ffi&?/±#$c7)Jt(4. -9-7r-fTS®10 
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I try K— 7"G a N 1 0 3 WtfrPFSSW) 1 %WTfc 
U 3-ffl(i7yK-TGaN 103(O< 1-100) 

[0115] #Wt\ SSRSPHftT'l 2 0 0*C^T#^ 

L/t, ft&wf-^? v--y7b s i o 2 vx? 1 
O2cor^- | jy^*^»a^^-r 0 & 

££5 0 O'C^tML h V*l-)ViiV*7KMSTy 
3t-Tii7.t*\ y7#X£&i£L£JW)MOC VD 

3^r B lGaN^*-ri>. *^vc. 
1 0 0 °C£#^fl L , 1 EST y F— 7°G a Nl 1 0 3 £ 

a N# 5 0 0X:-Ct*lfBW5(Cjfi*t, 1 1 0 0°ac#fc& 
-T S £ k TXftMV&G a N il i.U^X. 3 

F— 7°GaNl 1 0 3*«§ill>. 

[0 1 163 «k "JiBBfcit^hif , vx^BHPSfcKJtJ 

y&&ix. jtrnmimmti. GaNiio3*% 

£*i£ii£{5J2:, iKSSfc^KKSrO. *S/?SJ*Lh<7><8« 
fctt, «afe{»iWhcOlE{5* i #«L^<=5rl.. mi-fix 
ii\ GaN110 3O-JHPSJa±^)««fcli. 7*? 
1 0 2 Ojg7^±T'£>oT t , «ffi##ar*-£««i: , 
fcflbWW- LfrvMHSfc . 
[0 117] CVDm?mtiLLtlS i 0 2 11 0 
24HCJ4, *HIJ»os i <O^MiSft!Waj|{:# 

to&Sfcryt-Ttf^fcJ: 0 S i N x u^a 
ftSMHMfePS i 0 2 « 1 0 2±Kfc^aHfcyft*L , r 

[0 118] &WC\ XSS&S&ltrK.* n-GaN3 
y??H1104. n-A 1 GaN?77 KJB 1 05, 
n-GaNStfl06, n-Al 0 . 2 Ga M N*-r 
UT^WN'-70-Rfeihl 10 7, MQW^ftl 1 0 
8, P-A1 0 . 2 Ga 0 . 8 N*-vy7#-A-7n-|» 
ihJBl09, p-GaNSiI110, p-AIq.obG 
a M |N^57Hllll, p-GaN3^nil 

[0119] ISi&mWmry-m nlGaN 

ay^^Mi04^Bit'K7^x 7 fy/£(:«): 

hill 04O«t1B&aMlffl 14£^j£"fS. 
^•9-^H±a5t'$>l)pSGaN3y^^ Ml 1 2tCl± 

Ah7^r^Pitii i 3*»is-rs. 
SfflLfcSfc«#»fl*tf>«iii(is i o 2 1 1 1 5X-m 

[0120] vxkvmx'ftmztitzmitmmtti' 



msasnrHum (tem> wi?*ffofci:£s, n 
[0121] ate, jta^iimfr^JiKtjBjsufe^x. 

^£ , £fgf§H# 2 5 0 *t mtt S «k 3 fcf - 7 7Mfc L . 
^Xtft^tztZb. 15-41 7 nmTMiaa 

anstfiiBS *ut . nfrommmt a. 8 v ± o . 

3V, LSVMWafflfJBil. 5 — 1. 8k A/cm* 
Xh^tz. 7iAf3(09 IXMXkftW^Xl 0 

r ?;Wft**fTfc*v ^-C|S|-^«*v-if fcfW U: 
^IJRtf OHiilKffiflfJSJi 1 0'»cm-2SEt 
*F<0Brf^ff«6. 2V±1. 5V, L#VMI 
ttaffl?j8i2~5kA/cm* fctf4>oS#*£ < . i 

JfiEtRXSttftM* 5 0 0 iWBJawc* o fc . 

[0122] ncox o iz^mmmt. *f?ta rmu 
i o i±.izXftj&7Mn'if-ymti s i o z ?x 

?102£ffMU ;^?iKGaNll 0 3 5-7 

f7;«s^nffl ixmfctz cti/zx'o, n=mm 

nXmwJrtc^MSh'gVG a Nil 0 3 ZBfctZ Z t 

twfatzmhzktfxth, 

[ 0 1 2 3 ] fcti, *HSS^^T1i, HI 0 < a) 
Lfc/^WP^IBP^V-^t^rt-iS i 0 2 -77.^ 1 0 
2fcJflVVfc# s HI 0 ( b ) "C^-f-HftJBWfflP^^- 

fc^t'^^:. $<btc. H10 (a) tiUcnM^V 

-y^si o 2 wmt Lxm^tzm^. mmizmi o 

( b ) T*Lfc=a^?-y£ S i 0 2 co at LTffl 

[0124] (m8(ommm) aim, *niB<om 

8cO^t£0®i;ff^^g^ft^ftb-^S^Iijt£ 
Srf»rKHT'&6. ^ri3 v Hi 14>^3 0 1-3 1 5(4 
H9^c01 0 1-1 1 5Kffi§LTV^. 
[0 125] ^77-<r««30 lifcli, mic7)VX 
7tLXmZ0. 3Mm^)SiO 2 l3 0 2a«$ 
il, ^«0±t/i$3A£m«0ryH-7'GaN1303a 
jWKJS3fLTO&. GaN13 0 3a±{CJ4, ^2^7 
7.^tLTJ5$0. 3A£mcOOS i 0 2 13 0 2b#^ 
tflZtl. %<D±.l,zmZ3umCD7y} i -y'GaWa3 0 

[01 26] GaN1303b±{C(i, 5fe<7)B 

7tf)HJt»JISk|S|afc:. n-GaN3y?? M30 
4, n-Al 0 . 08 Ga 0 , 92 N777H13O5, n-G 
aNaRMI3 0 6. n-Alo.i Ga M N^t'J7* 
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-A'-7n-(56ihl3 0 7. SCH-MQWvStt/f 3 0 
8. P-Alj.2 Ga 0 . 8 N*+'J7#-A*-70-|* 
±13 09, p-GaNi«I3 10. p-Al 0 . 08 G 
a 0 . 0 2N^7-/Kl31 1, p-GaN3^ni3 
1 2 , Pimm 3 1 3, nMM®3 1 4 , S i 0 2 

m 1 5jWfM£*rO^. 

[0127] ^JBgJBWSjt^ST^St^JBfcS^S 
mi. Si0 2 vx^€rfiJfflt^7T7^^5r2IlIfi : 
3 fot, n-GaNay^^M304 

[0 128] ^r^T*K3 0 1±H, 111 1 
t^idtc, CVDmX'J&tfLltiS iO z 1302a 
tc^^igpL^v^^Sr^-rs. <r<7)Si0 2 v 

3 o 2 acojm ^#$ojtti, mKommmmb 

ISIfiHC, -?7T-f 7S&3 0 1 hTy F— TGaN 3 0 
3aO^^S$C01%WTt U #ffl{iT>-K-rG 
aN303acO<l-100> 2r|H]K¥fr i 0 

[0129] &W£\ S3R»B»T1 2 0 0'C£T'#?fl 
UTSS^-VA-? U-^y^fc S i 0 2 3 0 

S&£ 5 0 0°C£ TBiaU h 'J^fvMnj *7J>RVT 
y*-7tfx £3f-vU 7#X LfcjajJDOMO C V 
DfttJ:>3 3*BlGaNSrj£^-f6. 1 
100'C£#ftSU lB#raryh'-TGaNl30 3a 

[0130] &WC\ BJgS i 0 2 SB 0 2 b £C VD 
StSlSt. TV K— 7°Ga N 3 0 3 aco < 1 - 1 0 
0)#|i]tWt> «3*tm, ^2 0/>tmc7)^h7-f 

7^x^^»iatt5. &wt\ mmmm%x*i 2oo°c 

i-dMBLT. 'j--y?'fc s i o 2 

1X7 3 0 2 b<07^- 'J y ^S:*tafcSRWIS:flrt-. 

mry K— 7*G a NJf 3 0 3 b 
[0131] »WC, ^;#H-rSCli:*ELt^ n- 
GaN3^;hl304KKML. ^IftU— f 

O z -?X7 3 0 2b<7)Xby-!7't Tff «! i: fci 
[0132] ULhcO*ftT'^j£$ilfc^b!fe^##cl' 

— m&mi&<DTEMmmz¥rit:bz*>. mm®.® 

m*. TyK-yGaNlSOSa^T^lO 6 cm 
-*&X\ TyK-7-GaNl303bJ: *)±&to£Mm 
$X'tm 1 0 3 c m-2 i T'<£MT'# fc. 
[ 0 1 3 3 ] fcfc, ±&*>*ffifc^rtS¥3B*£«K£: 
MLfc^i^^ &J8»£#2 5 0jumfc:$r4J:5£ 



U-1ffc1KaB£A£U:i:<:$, 1 5-4 1 7 n 

8V±o. 2V, LfetHHEffiMKIil- 5-1. 6k 
A/cm* X'hitz. $4>t3, r >xA^9 9%Jlhi7) 
&?T'l 5 0 0 OBfflJ^offllflBHBdWSft. 

[ 0 1 3 4 ] C cDi o K^Stll 2 ®C0yTy 

iUfSL&zx ~>xw,i<7)mmmk o tse&iJCMstiw 
[ o 1 3 5 3 ^mtmmxn. mio ( a > 

L^/N^^PA-^-ySr^r-rss i 0 2 

i^fflsfctaiO (b) TijrfEJSJ&OBin^ 

0)S i 0 2 (302a) #A-fcJBXtt=flJB/t* 

[0136] J2UL SS7&tfg58<9liJ|»Cte, 5r 

hzmmikm&fccnfcms&X'hh 1 o o o mucosa 

S. 0<Ji: LT. Ti 0 2 , I n 2 0 3 , Ti N, S i 
N, WNx^WbtfWl*. 1 000'Cm±^ 

LT^r-fT^HKtfiflfcaWffc* 1 . icOfl!ltc, Si, 
SiC, ZnO, MgAl 2 0 4 ^JSS^fflV^S i t 

[ 0 1 3 7 ] *^BBiM«^»«5l^-ifO^ 
v^Tti. aiil^iS«fcJ:4lKffi«^lil*WiM§<i1i« 
[0138] (3t9<0SaBBffi) 01 2tt, 

9 conmstc^^ I. JMawH^wkP-irwHKe 

[0 1 39] mi 2^^X5 1 Hi-fyr-trmLX' 
Zcr>m&.5 1 l±{CtinSGaNA'.y7rl5 1 
2* { ^$^T^4. GaNA 7 77i51 2±fcl4S 
i0 2 -?X^5 1 0tfAb5<i7#Wm%tl. Z<T>-7 
X7 5 10^fflV^TA'. 7 7r®5 1 2fif5f5t<0&$£T- 
X.yf-y^$<lX^I>. GaNA' 7 7rl5 1 2SI/S 
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i0 2 7X^5 1 0±fcttngAl GaN77 7h'/f5 

1 3^y^y/^mmmbxf-mzm^ti. *cr>± 

dl 7yF-7GaNM^ H15 1 4, InGaN 
/I nGa WphtzhMrf-RPM 5 15, pMGaNft 
#4 KH5 16. pIA lGaN^ry KJg5 1 

[ 0 1 4 0 ] 4fc, ±fE*>»BflHfttU;. mmtrb? 
77 Kl 5 1 3(cJttft*T-9W*S<i, fttfiU:? 
7 7 Kit 5 1 3_hfc«nfflM5 1 9jWBftSiVO* 
6. pSUlGaN77>h'«5 17±tCii. ffiffiffip 
SGaNr?y77 h)f 5 1 8 fctfLT pM^M 5 2 Off 

Bf&ztix^t. ztiL>comm5 1 9 , 5 2oii**i-e 

ft3jizm|Ifctt«g$*l'0>4. 
[0 1 4 1 3 -I-IT, #l«iMftCliMOCVD& 
«ffll/C^4. mmmfttlGaN (5 1 
2)/AlGaN (513) cO^-fn^J-f^S^ft 
(C. n!GaN15 1 2«Itm^}:^|,S i O 
2 ^'XA-. y ^T«$iiTfcO. *0>ffclc— o<0B*«2 

fc. nMGaNJ§5 1 2(0-g5tl7fy/ 

^'pMc0^tijlfflT'#l) < pSGaNJI 
±(cs i 0 2 ^)v^^tm*»jfif Sikfc'SrS. 

[0142] *n56)Bffic7)^^t'(i. &nft££W-r4 

'VroJ££o--SPfc:s i 0 2 777£Bl£U *<o±fc 

7v?rt%&£1iB<Z.b%<. nlA 1 GaN777K 
15 13 *m<Bm-Z i t , 7 77 KJ15 1 3 
0»4>»ft.43l«i$:<ifl:4. i^ft^ 3t^)«SSafe^tt 

JtWWW^— fOL§V^t2, lkA/cm 2 T'£> 

o . i / 5 tiT^s < -r 4 £ t -t. 
< s i o nmmm )mio nrntmrnx-it 

7/l^J^tt£P^£S!i3l£^-f . G a N^KM 

(MOCVD) fciOfi^fc. 01 3 
(a) II t7r-f7iSlCGaNl^2. 5jum 
*0>±.tZ.Wto\. 5^mc07.h7^7°^S i O 
2 v*7£»3jumiaiH-C*7r>rr£«<0 < 1 1 -2 

i > -t^*>g a nct) < i - 1 o o > umzm®. 

[0 143] HI 3 Cb) fcL -9-7r^T^± 
KGaN£&2. 5/xmjA*LfcftEfcHttHtfU:fc 
K»l . 5/zm^Xh7-f7*^S i 0 2 -777£&3;u 
m"CfSIIHT\ 01 3 fa) fctt9 0* SfcaariSk -f& 

*>*>-9-7T>fra«o<i-ioo>*-i*i. ifciiGa 
no < 1 1 - 2 o > nmzmf$LLtz%&<mx'hh . 0 



13(a), (b) tt££9«?IMll (SEM) fcj: 

[ 0 1 4 4 ] 01 3 (a) Tits S i 0 2 777#« 
L&V^KIi. TiWO^*gW«V vCG a NOfiJc 

*3&WfL. sio 2 ^^3&«sqEt*»»rtt. 
^«0M«*^7T7;^^{ejt$fT.. v*?***? 

G a NJg#£tt L . $ ^ tZgWmti t G a N**»Wi 
ft$ft4. 

[0145] 013 ( b ) X'li. S i 0 2 777 

«±<7>6#Si0 2 "777tf)7 h 7^ rkWftJPJfiS 

[0146] fcLb0ife£j&»4>. MOC VD&T(i7 
-<7*tt'7X7*if7T-f < 1 1-20)^, 
-f&fc^GaNco < 1-1 0 0> *mfc»jft^4Cfc*« 
a* U>£i: 014, 015(C7T7/«^ 
(fijt§ixl.-9-7r-fr*K<7)<l-2 0>^ri6i, f=3rt) 
*>GaNO < 1-100) ^-fnl^. Si0 2 XYvAT 

#777 ^^L^ispkoBfiBaaws^aafttt*^ 

[0147] 4»»Ttt, "777 

OTWfc^a LfcJtill^tt^* 7*>#ftfc i "5 7"n - y 

7$*U *<0±^flfi^#«ffilJ$*l4. fc£U 77 
7ffiffi*^GaNc7)7X7;«^* { jifi : L. MS777 

[ o 1 4 8 ] § £>k. 777^fflg|{(;#a-ti)SaiEfi 
is«afcjij«^iBfc» -> x\mt h mam < ft&r i 

*\ 2jumWg.GaNmfc£:Z J £$>Ztlz£>9^ 

wiz®^xmtm&mmi±i&i,zi$MX'Z. a& 

[0149] t^h-h. mm.m$~?x?frmtitz® 
ftxum&xm&mimzimthbK -777±*^ 

ie*^ , 5f jM^mmztiws&G a n^#^> 

il|.-777c7)^^f6]^S^L, HH777^7<®a-ft 

(mn wmmm > jr i 1 omw&mx'iz . sio 2 

^CT)777 5r^-t4Tifi»St LTGaNtfflOfe* 
fcitfA 1 GaN^Dt^tOl,^, 7T7;U 

la^jfi^js i: nau^r »feR5Rffl js^ ( m o c v d > a 

[0 150] 01 ^T'frSfiLhtGaN®^ 
^2xim^L. -?"C7)±^jiS$<j2^nii7)7h7^r^S 
i0 2 77 7$-7h7-frraH^3 J um-C'^L^^c7) 
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±fcGaN£»2jumJ&RUfc«. AlGaN£&2;U 

[0151] Si0 2 V7.707.b7-f rO*|6Ui % 3? 

1 0^Hjt»JBT*L)t«k3fe:» MOCVDjfcfcfcWC 

2 0>^[6]» ^^GaNcO<l-100>^t-r 

[o 1 5 2] hi 6, hi 7i4, j&mvf-mm ( s 

EM) £J:9Sfl£|lrffijK>*a?Ufcitf>'C*S. Hi 
6, Hl7^ti-3tc, fc'*>^coa^±T't, SiO 
2 v^^3&^L^V^-C'(4Tfl!!Ji^ttf8$-S(t^V^ 
"CGaNOjfcftjWItfTU Si0 2 77.7##£T£g|S 
4W4. -e^-7X^_hT'7T5^Jt^M$^. n® 
¥ffltt<0«fc^G a WWmbttil. 
[0 153] LfrVteifib. HI 6 1*^- J: ate, Ga 

N/-9-7r>rrwsuiffiji±fc:sio, v*? 

T»ttt, Bf^K^^v^^Jl^*. ^«077-y7(4 

[0 1 54] Bl7fcSjcfrJ:dfc. AlGaN/ 
GaN/t7r^ r^swflfii±ts i 0 2 7X;^f 

^4«-&fcU4, lAtuzitA mmmzivf. 7f7 

tz-?A?ffyrmz77<v?h>kW\ z\<r>XoHz, s 

i0 2 <£<0±£GaNlc95r7 
;«^fr3^tffli^lfi(0$»:A 1 GaN£ffl 
Z. k X\ 7f 5/l/j«£tttt# X *)&WZti&Zk If 
WhMztotz. 

[0155] ±&<m i o tsxisfb 1 1 commm x 
xhyjTtt-?A7&ir7T4 7mm<7) <i 1-2 

0 >#!*], "f&fc^GaNtfXl-l 0 0> Wifff 

ftffil//mJjJLh. »iL<«3jumJa±. Ht:#iL< 
i±l 0/zmiilhi U -?A?c?>fflm mOtiVM) <41 
OximWT. #i L<it2um^TT$)hZ\ttmtL 

[0 1 5 6] 5T7/WfcB££t$-£ifc«>tf>-7 

AfZBf&t&mmkixi*. V7T^rmm. sic 

£«L SigflL GaAslI, GaPiS, GaNl 
WM0)rtiV9<?M, HUie^NVU7±(c: I n, Ga, A 1 z 
B,- M -,. x N(0Sx, zSD^ML^lS 

U\ tfT'iS i O z 3?C0V77£«f 
ffi^'GaN, J:9$?£L<(4A 1 GaN-C£>l>i:7-f7 
;^^ft^^4 l 9^#^i^/t^p a p®* ^ ^^\ A l Ga 

OTtfiJffc LT(4, A 1 GaN, InGaN, A1N, 



GaN, &£VZtlhm?MzBZm\lUzm-l. 

B&itzmwuciz&g-rimt. g a nt& & £ wm 

i3£Uvfr\ In, Ga, Al, Bi- X . y . z N(0 

MfSLltzA 1 GaN/GaN/t7r^7lSltA 1 
GaN£5x7/l'j£*£-£-CicJ:V\ 

(in ommm > mi 2 o^jh^stw .GaN/ 

•fr7 7>f7£«, tiJlM 1 GaN/GaN/t7r-f 
rseLhtc, ^1 OCOH»HIT*^U^7 r^TlS 
tf)<l 1 — 2 0> ^rifil, -f**>*>GaN^)<l-10 
0> iTftlZffil 2jumtf)S i0 2 -777^2/im^PiT' 
»j£U *tf>±fcGaNJi£#n 0/imJ&g$-ttfcg& 

[ 0 1 5 7 J S«oav^~J:|,^#^l/— r<o» 
ttfcJMSLfc. MOCVDttfci4Sfc»R¥IW|cU- 
^'ffl^llic^djlS. fcitfSR^ffcfcfrftJi, mi 

1 <mwmk w&x-bh . *mmmva . 1 n g a 

N^S*^#F (MQW) <0#F»ti2i;-rs. 
[0158] U— V-*=F*im LfctS*s G a N/-9" 
7 r ^ 7»fiLLfcfBR Lfc#Ffcifc'^ A 1 G a N/G 
aN/^T-frattLhfcfflRLfc*^)*^ 
g2 0 £ k mm U. Ga N/f 7 r 4 7 

tUfi&l&Hfeffki . A 1 G a N/G aN/t7 r A 

aSS^ffl^St, AlGaN/GaN/t7r4 7lt 
fcfflvtfrfltefCti. Sk<£^«(C7<£>5:II(4&<, £*> 
^PT't 1 0 4 c m-*£T*-3fc. ifcfcU-- FH* 

»WIS$^. GaN/-tf7r^f7SK^fflV^^4 
T14. HafSmgS^JKii^ 2 . 3kAcra" ! , ®J^«E(4 
tt4. QVX'fo-otz. ttz. A 1 GaN/GaN/^7 
T^7S«Srffl^^m'i4. fflffi«3S$£(4ttl. 8 
kAcm- 2 , ij^mE(4^3. 8VT*ot. 

[0159] MiaaeBBfiiss-atfigL, s-?*^^ 
isit. GaN/vyrArmmm^zm^xn. 

5 0 0 0B#^SJ^iI^S,^S:^ L^ATt 0 . *^ 

80 0 0l$igT'$>o7L% ^^ML. A 1 G a N/G a 
N/9-7 r 4 7fflK£ffl^fcU-if-J£PCtt. 9 0 0 

omfm&.mmft*m£Uz$>izt)frt>. ®m%m? 

<nW&&<r)tf±M#JLt>ti?zlfi* ito l 5 0 0 oi«a<o 

[0 160] GaN/t7r-( 7S^t. AlGaN/ 
GaN/-^7r-f7aScO, ^4>*ttfflUfe*Pfc*J 
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GaN/t7r^ rs^^ffl v ^m^x-it , m 1 1 

0. -?*?TatC?5'y?#£t40>fc*tU A 1 Ga 
N/GaN/-t7r-fr3HRfcfflVVfe»&fc:(i, -e<7)J; 
SfcffMKttrK £*iCJ:D. ^£9. aSUfttt. ft 

[ o 1 6 1 ] hi 8«, mi 3ommwzvkh*vm 

iCGaNl7 0 2, A 1 GaNl7 0 3tfW$%tltl 
£«7 0 0±fc, S i0 2 V*?7 04 £Bf&t&. & 
fc. -7X^7 0 4^PSPJ; 0. MOCVD^ti 0 G 
aN/f 7 0 5£j££$it.g>. 

[0162]GaNI705^, SH^^fcll^^S $ 

^v^ivn^Mz^m 4*«ftfW>Ttc, fi£££ 
««S*4ii:fc:J:D. 7 0 4±£5t 5/P#|6j 

[0 163] iOPifflWS. 4»^W)GaNl7 0 5fc:ifi 
Vv£>&»& % n-GaN3^^M706> n-A 1 G 
aN?77 KJf 7 07. n-GaN^M KJ17 0 8, M 
QW709. p-GaN*MKl7 10, p-AlGa 
N/17 IK p-GaN3y^?M7 12H^l/ 

[0164] HflflWW^WH^-lf-Ttt. SSKSSffi 

*mmmv>z o izimuz^—f-m^xa. f&mz 

[0 165] 

J&XPS. ^-^-7^^c7)^ B B B x?fg^A { flS<. 
tt. *»«1*tt. 3t^«#tt^^$f^tft^-f^^ 
7 r >f T^SflLtfcJBJfrf S Z t WX'% . 

±MBzmiX-?^7<7)J^-yt:^nm^Mm 

izMfetz ztizx*). mm&m xomsami x o 

[0 166] ifc. I n G a A 1 NS<?>— 

tix? zmmtzftA itznmm^z z t izx o . 



[mi 3 um&zx vft&uzmmmmm=f-m 

[023 &BJico8 1 <^M»=$;fcSg«m^ft 
«^<0*P«fiSr*rBfiiiBI. 

[03 ] m i wnstjgaiKiflefflLfcv^^^BBpajsa 
[043 *mnm2<Dmmmmbimimmm 

[05] l2Mlt;ifflUclSItt«l (IRQ 
[06] *^^4cOH^.l^^|,gm^ ffi ^ 

[07] *j^«^5^IMm(c^£B^Rf^ 

[08] *^og|6^)IUt^fiS(cffi*)4aftiBl*DB 
R U—if 0*f^t^rtBfiHH . 
[09] *f8W<oaS7<^^JBfcflj^43ift«iaMI^I 

[010] %7<7)mmmizmuz-?z7^?-y<7) 

[011] *f^^8(^dl»]B(Cft&efl^jR2NI 
[01 21 *9^^9<^OI^n(zft£Bfl^R¥« 

[013] *%ffl<?>f$i o<mmjm&mm\m%& 
mwm^-vyw® s e w*mx'h o , ( a ) 14* h 54 r 
t^^mr'friiwd 1 - 2 0 > 2rifljfcjB 

j£U:%S\ ( b ) liCftfc 9 0JS^I»^r6]{c)FML 
[014] 01 3 (a) fc^U^yTVUcOlBrffiTEM 
[ 0 1 5 ] 0 1 3 ( b ) E M 

[0i6] *^Bjomi lonts^sifcffisafliftim* 
mm^nmw s e m^-c* 0 , ( a > , ( b ) an 

■^flt)GaN/-9-7r>fraS±tSi0 2 V7.^^Jg 

[017] *smh*)ss 1 1 ^saemczflt&sMbndMi^ 

HWcJR^BrffiS E MW-MX'h 1 AlGaN/GaN 
/^T'fTiSftLhfclSiOi -7T.^^^L^^-<7) 

[018] *%wc?)m 1 3<7)H}i^jc^4a^^*# 
?-<mmm. 

[019] ftKlS«fe:fe»t4ftO-&*Wffe:WAS*i6lK 
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2 5- 


KJfflTA ILL 




3 6- 


■ niA 1 G a NffiffiitAJI 


[1212 1 ] 1 Ga NKfcfel^T 


3 7- 


•nffl!|GaN3fc#>f KJf 


A 1 ^O^r^r* > V 3 »v ? "7 ! J — fli®^7)B3{^?*7ft^## 


3 8- 


■MQWJfi*?'^'^ I nGaN^vSWJI 
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•pfilGaNT^^M KB 
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92 
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[139] 



s: 
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XX 



113 



,115 
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